Myocytes in the atria contain a prohormone that gives rise to atrial natriuretic peptides (ANP), which have intrinsic hemodynamic regulatory activity. Little is known about mechanisms regulating ANP release. In rats with indwelling catheters, acute blood volume expansion with 5% (wt/vol) dextrose increases the amount of circulating immunoreactive ANP by a factor of 2-3, as determined by radioimmunoassay. Pithing, which both removes neurogenic influences and interrupts humoral influences of the brain and pituitary gland on the heart, completely blocked stimulusinduced release of ANP. Because our studies using pharmacological blockade of the autonomic nervous system had suggested that neurogenic mechanisms do not play a major role in ANP release, we sought a humoral mechanism involved in ANP secretion. Basal and stimulated release of ANP were significantly blunted in hypophysectomized rats (8 days after operation) but were completely restored when the resected anterior pituitary was reimplanted under the kidney capsule. This suggests that hormones of anterior pituitary origin are required for ANP secretion in response to acute volume loading.
Mammalian atrial myocytes contain biologically active peptides stored in specific secretory granules (1) (2) (3) (4) (5) (6) . These peptides, collectively termed atrial natriuretic peptides (ANP), have potent natriuretic, diuretic, and vascular smooth muscle relaxant activities (1) (2) (3) (4) 7) and thus are of potential importance in controlling blood pressure. However, little is known about the regulation of ANP secretion. Atrial distension by increased perfusion pressure causes release of ANP in rat heart-lung preparations (6, 8, 9) , and acute blood volume expansion in rats also causes a marked increase in circulating ANP (9) (10) (11) . Pithing, in halothane-anesthetized rats, a procedure that removes neural tone and centrally mediated circulatory reflexes as well as impairs humoral influences of brain and pituitary gland origin, blocked volume-induced release of ANP (10) . These results suggest that neural and/or humoral mechanisms are involved in stimulusinduced release of ANP. However, since the halothane anesthesia used in this study also elevated plasma levels of ANP and prevented stimulus-induced release of ANP (10) , these data should be interpreted with caution. We have found (11) that acute parasympathetic nervous system and ganglionic blockade did not affect basal or volume-induced release of ANP. These studies led us to seek for a humoral mechanism involved in ANP release. Several hormones were implicated in ANP release. Administration of pharmacological doses of arginine-vasopressin and oxytocin induced a profound release of ANP into the circulation (12, 13) . However, the stimulated release of ANP apparently was related to increased arterial blood pressure and could be mimicked by bolus injection of the nonpituitary pressor agents angiotensin II and phenylephrine (11, 13) . Thus, in the present study we examined the role of neural and humoral mechanisms in basal and stimulated (acute volume expansion) release of ANP. We now report that anterior pituitaryderived hormones seem to be required for ANP secretion in response to volume expansion.
MATERIALS AND METHODS
Experiments were performed on 10-to 12-week-old male Sprague-Dawley rats (Taconic Farms, Germantown, NY), which were kept in individual cages with 12 hr of light (0600 to 1800), controlled temperature, and humidity and which were given rat chow and tap water ad libitum.
Indwelling catheters were placed in a femoral vein and artery of all rats on the day of experiment (experiments 1 and 2) or 24 hr before the experimental manipulation (experiments 3, 4, and 5). Rats were anesthetized with sodium pentobarbital in experiments 1 and 2 and were conscious and unrestrained in their home cages in experiments 3, 4, and 5. Arterial blood pressure and heart rate were continuously monitored throughout the experiment (14) . Blood pressure and heart rate were allowed to stabilize for 30 min and then a basal blood sample was withdrawn. The blood was replaced with an equal volume of pooled rat blood. Blood volume expansion was produced by infusion of 5% (wt/vol) dextrose [20 ml/kg (body weight)] at 370C over 1 min via the femoral vein. Blood samples (1.5 ml) were taken 1.5 min after the stimulus, when peak levels occur (10) .
Experimental Groups Studied. Experiment 1. Pithed rat. The animals were anesthetized with pentobarbital sodium [30 mg/kg (body weight), i.p.]. The left femoral artery was cannulated for recording of blood pressure and heart rate (Beckman Dynograph R511A with type 4-327-0 pressure transducer and cardiotachometer coupler type 9857B, Sensormedics, Anaheim, CA). The left femoral vein was cannulated for blood volume expansion. Bilateral vagotomy was performed at the midcervical level and both carotid arteries andjugular veins were occluded at midcervical level. After cannulating the trachea, the rats were pithed by inserting a steel rod (1.5 mm in diameter) through the right orbit and the foramen magnum down the spinal cord to the first sacral vertebra (15) and artificial respiration was begun. At least 30 min were allowed for stabilization of blood pressure and heart rate. Experiment 2. Vagotomy and carotid artery and jugular vein occlusions. Animals were randomly assigned to three different groups. All animals were anesthetized with pentobarbital sodium, and the left femoral artery and vein were cannulated. Both carotid arteries and both vagus nerves were exposed at midcervical level. Basal blood samples were withdrawn from all rats. In one group of rats, both carotid Abbreviations: ANP, atrial natriuretic peptides; IR, immunoreactive.
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arteries and jugular veins were occluded; and in another group of rats both vagus nerves were cut at midcervical level. Thirty minutes after vagotomy or carotid artery and jugular vein occlusions, a second blood sample was taken. A few min later the animals were subjected to acute blood volume expansion, and a third blood sample was withdrawn 1.5 min after the stimulus. Pentobarbital-anesthetized sham-operated rats served as controls for both groups. Because plasma ANP levels after surgery were similar to those before surgery only one basal value of plasma ANP is presented (see Fig. 1 Radioimmunoassay. Blood samples were placed immediately in chilled tubes containing 2.25 mg of EDTA and 1.5 trypsin inhibitor units of aprotonin (Sigma). Cellular elements were separated by centrifugation at 4TC, and the plasma sample was stored at -70'C until assayed. Prior to the determination of ANP levels, plasma samples were thawed, and immunoreactive (IR) ANP was extracted from plasma (10) . Briefly, disposable syringes were placed on Sep-Pak C18 cartridges (Waters Associates), which were activated by passing 10 ml of HPLC-grade methanol, and washed by passing 20 (Fig. 1-3 ). This stimulus-induced ANP release was completely blocked in pentobarbital-anesthetized, pithed rats (Fig. 1) . Pentobarbital anesthesia was chosen because it does not affect ANP release (10) . This finding confirmed our results (10) In the present study we report that 30 min of bilateral vagotomy in pentobarbital-anesthetized rats had no effect on stimulus-induced release of ANP (Fig. 1) Mean arterial pressure (in mm Hg; 1 mm Hg = 133.3 Pa) of pithed rats (experiment 1), of sham-operated, pentobarbital-anesthetized rats, of bilateral vagotomized rats, and of bilateral carotid artery and jugular vein occluded rats (the same sham-operated animals served as controls for both vagotomized and vascular occluded animals) (experiment 2), of sham-hypophysectomized and of hypophysectomized rats (8 days after operation) (experiment 3), of sham-pituitary autotransplanted, and of pituitary autotransplanted rats (10 days after operation) (experiment 4) under basal conditions and following acute blood volume expansion. Data are means ± SEM; number of animals is in parentheses. 43 ± 18 beats per min (P < 0.05, paired t-test) in pithed rats, decreased 32 ± 11 beats per min (P < 0.05, paired t-test) in vagotomized rats, and remained unchanged in rats with vascular occlusions. In all of the surgical manipulations used here, alterations in mean arterial pressure and heart rate before and after volume expansion were not correlated in any consistent directional manner with the changes in ANP release (Table 1) . This does not exclude that regional changes in blood pressure or blood flow, especially those affecting arterial blood volume and cardiac wall tension, may contribute to ANP release.
To explore the significance of the pituitary gland in ANP release, we measured basal and stimulated circulating levels of ANP in hypophysectomized, conscious rats 8 days after operation. Hypophysectomized rats have significantly lower mean arterial pressures compared to sham-operated animals ( Table 1 ) and higher heart rates (362 ± 9 and 328 ± 10 beats per min, respectively; P < 0.05, unpaired t-test). At 1-2 min after acute volume expansion, blood pressure and heart rate remained unchanged (Table 1) . Similar results were obtained in hypophysectomized rats 2 days after operation (data not shown). The concentrations of ANP in left and right atria of hypophysectomized rats were either normal or higher than that of the sham-operated animals ( Table 2) . These results exclude the possibility that depletion of atrial ANP stores in hypophysectomized rats is responsible for the reduced ANP release.
The depressed mean arterial pressures of the pithed rat and hypophysectomized rats may contribute to the reduction in stimulated ANP release in these rats. Still the cardiovascular (Table   1 ). However, basal and stimulated release of ANP were completely restored in the animals with pituitary grafts (Fig.  2) .
To test which lobe of the pituitary gland has a role in ANP release, we have used hypophysectomized rats bearing either anterior lobe or neurointermediate lobe of pituitary gland transplant under the kidney capsule. Sham hypophysectomized animals served as controls for both groups. Experiments were performed 10 days after surgery. Acute volume expansion caused marked increases in ANP release in both shamhypophysectomized rats (+206%) and hypophysectomized rats bearing anterior pituitary autotransplant (+149%) (Fig.  3) . No significant effect on ANP release in response to acute volume expansion was observed in hypophysectomized rats bearing neurointermediate lobe autotransplant (Fig. 3) . These results suggest that anterior pituitary gland is required for ANP release.
Ectopic pituitary transplants are known to produce large amounts of prolactin and little, if any, luteinizing hormone, follicle-stimulating hormone, or growth hormone (22) . To rule out the possibility that the effects of the transplants on circulating ANP levels observed in the present study might be due to prolactin, prolactin was intravenously administered (2 ,ug per animal). It had no effect on basal or stimulated release of ANP 0.5-2 hr later (data not shown). Furthermore, bolus administration ofpharmacological doses of drugs that modify circulating levels of prolactin, such as bromocriptine (5 200-z 1¼00
(6) Proc. Natl. Acad. Sci. USA 84 (1987) mg/kg, i.p.) or haloperidol (2.5 mg/kg, i.p.), for 2-4 hr had no effect on basal or stimulated release of ANP (data not shown). However, long-term physiological effects of prolactin will also be tested to better elucidate the role of prolactin in ANP release.
The normal ANP secretion in pituitary-grafted animals raises several intriguing possibilities. It could be that hormones other than prolactin, growth hormone, luteinizing hormone, and follicle-stimulating hormone secreted from the anterior pituitary gland act directly on the atrial myocyte to facilitate the release of ANP. The action could be receptor mediated or mediated through membrane changes. Alternatively, hormones derived from the pituitary gland could affect ANP release indirectly through the action on other endocrine organs such as the thyroid (23) or adrenal cortex (24, 25) . The possibility of previously unsuspected "atriotrophic factor" should also be considered. More work is needed to distinguish between these possibilities.
In conclusion we suggest that pituitary gland-atria interactions play an important physiological role in the regulation of fluid and electrolyte homeostasis via ANP secretion.
